SUMMARY Direct injection ofclinically infected urines on porous-polymer columns wasinvestigated to determine which microbial metabolites were consistently detectable, and whether their presence could be used as a reliable index of infection. Chromosorb 101 was found to be the most suitable porous polymer for the detection of microbial metabolites; greater sensitivity of detection was achieved by partial purification of the urine before injection. Acetic acid was the only compound found consistently and it enabled 106 microorganisms per ml to be detected in urine. However, as urinary tract infection is diagnosed by the presence of 105 organisms or more per ml, our method is insufficiently sensitive for the detection of bacteriuria. Escherichia coli, Enterobacter cloacae, Klebsiella spp, Proteus spp, Stapyhlococcus albus, and Streptocococcus faecalis were detectable by our method but Pseudomonas aeruginosa and Candida albicans were not.
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Screening of urine for the presence of significant numbers of microorganisms contributes considerably to the workload of a department of diagnostic microbiology. A diagnosis of urinary tract infection is indicated by a simple viable count revealing the presence of > 105 microorganisms per ml of urine, and a report is sent after further tests for identification and antibiotic sensitivity of the causative agent. Because many specimens are received containing insignificant numbers of microorganisms, the viable count is time-consuming and expensive of materials and technician time. It would be valuable if a rapid screening procedure could be devised to select the few specimens requiring further work. A suitable method should be easily automated and sufficiently sensitive to detect 104 microorganisms per ml, thus ensuring reliable selection of all positive specimens.
Our approach was to use gas-liquid chromatography (GLC) to detect microbial metabolites in urine. The potential use of GLC as a diagnostic aid in clinical microbiology has been indicated by other workers, in particular, Mitruka et al. (1972) , and it has also been demonstrated that the technique can be readily automated for the detection of microbial metabolites (Brooks et al., 1973) . We considered Received for publication 23 January 1978 that volatile acidic and neutral compounds of low molecular weight, such as the lower fatty acids and alcohols, would be among the main detectable substances produced in urine by the microorganisms responsible for urinary tract infection; these substances can be easily detected in culture media by injection of an aqueous solution on columns packed with porous polymers (Cecchini and O'Brien, 1968; Rogosa and Love, 1968; Yoshioka et al., 1969; Henkel, 1971) .
Material and methods

GAS-LIQUID CHROMATOGRAPHY
A Pye series 104 gas chromatograph with heated dual flame-ionisation detectors was used. The instrument was operated isothermally as a singlechannel instrument with glass columns of 1V5 m length and 4 mm internal diameter.
Improvement of chromatographic technique
This was applied in all but the preliminary experiments. Ghosting was reduced to a minimal level, enabl ng reproducible results to be obtained by:
i Ipl on-column injection and rigorous syringe cleaning; ii treatment of column glass with dilute hydrochloric acid after cleaning; iii use of Teflon wool for column plugs; iv thorough washing of porous polymers with acetone, methanol, and water before packing. We found the last procedure to be the most significant in limiting ghosting. Other workers have advocated the incorporation of formic acid vapour in the carrier gas for this purpose (Geddes and Gilmour, 1970; Ackman, 1972; Van Eenaeme et al., 1974) . However, at the concentration required to limit ghosting, the use of fractionated formic acid to generate formic acid vapour so increased the noise and standing current on the detector that the use of the gas chromatograph was restricted to unacceptably high levels of attenuation.
MICROORGANISMS
All the microorganisms were isolated from patients with urinary tract infection. Viable counts were performed by a modification of the method of Miles et al. (1938) , in which 0.01-ml volumes were delivered from an automatic pipette.
Results
INJECTION OF UNTREATED URINE
Our first objective was to discover whether the simple procedure of injection, on a porous-polymer column, of urine infected with the commonest urinary tract pathogen, E. coli, could reveal the presence of enough metabolites to serve as an indicator of significant bacteriuria.
Preliminary comparison of chromatograms of infected and uninfected urines Eighty-six clinical urines infected with E. coli were chromatographed by injection of 3 IL on a column of Chromosorb 105. The only peak obtained consistently had a retention time (Rt) of 7 5 minutes and a mean height of 29-3 mm. The height of this peak above which a urine could be designated as 'infected' was determined by study of a control group of 37 uninfected clinical urines. These were chromatographed in the same way as the infected urines and gave a mean peak height of 3-4 mm with standard deviation of 2-3 mm. The threshold value for the peak height was set, 2'5 standard deviations above the mean at 11 mm.
A comparison of the peak heights of the uninfected and infected urines is shown in Fig. 1 peaks that had appeared in the culture profile of the original urine showed a large consistent rise for all three urines; we referred to this as the 'infection peak'. The culture profiles obtained from two urines before and after culture are shown in Figure 2 .
The After addition of 326 ng of the n-pentanol internal standard to 5 ml of urine, the chromatograms were obtained as described above for cultures of normal urine, and the areas of the acetic-acid peaks were expressed as a percentage of the area of the internal standard. The mean relative peak area of the control group was 1-66 % with standard deviation 1 30%. As previously where the heights of the 7-5 Rt peak produced by urines infected with E. coli were considered, the threshold value above which a urine could be designated as 'infected' was set 2-5 standard deviations above the mean. This gave a threshold for relative peak area of 4-9y% of the n-pentanol standard.
The comparison of the relative peak areas for the infected and uninfected groups is illustrated in Figure 3 . The results are similar to those for peak height (Fig. 1) in that only 2% of uninfected urines produced relative areas above the threshold value, Q group.bmj.com on June 19, 2017 -Published by http://jcp.bmj.com/ Downloaded from Table 3 Amounts of likely microbial metabolites required to produce 10 % full-scale deflection (FSD) when injected in urinary solution on Chromosorb J0J,and relative retention time Compound Acetic acid (ethanoic acid) Propionic acid (propanoic acid) Butyric acid (butan-l-oic acid) Iso-butyric acid (butan-2-oic acid) Valeric acid (pentan-l-oic acid) Caproic acid (hexan-l-oic acid) We have found that the use of solvent extraction to obtain and concentrate acidic and neutral metabolites, although simple, was less effective than the direct injection of aqueous solutions, because of the poor partition characteristics of the volatile acids in organic solvents.
It must be concluded that the microorganisms responsible for urinary tract infection liberate insufficient quantities of volatile small acidic and neutral molecules into the urine to serve as a reliable index of infection. Basic or non-volatile compounds may be more suitable indices, and work on their detection is now in progress. 
